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ABSTRACT
The Influence of Climate on Biomass and Mineralomass of a
Crested Wheatgrass Community in Northern Utah
by
Randall S. Shinn, Master of Science
Utah State University, 1975
Professor: Dr . Neil E. West
Department: Range Science

~~jar

Aboveground biomass, litter biomass and root biomass of a crested
wheatgrass (Agropyron desertorum [Fisch.] Schult .) dominated community
were inventoried in the fall of 1971, 1972, and 1973.

In addition,

energy, nitrogen, fats and ash determinations were made on the ma t erials
collected in 1972 and 1973.
The sampling methods used generated data sufficiently precise to
detect significant differences
among years .

(~

= .10) among biomass components

The chemical contents of the components were similar

in the fall of 1972 and th e fall of 1973 despite th e large

differen c~s

in growing season precipitation.
A simple linear regression formula was generated from which
aboveground biomass was predicted usin g individual plant volume as
the independent variable.

Regression techniques were tried in an

effort to use aboveground biomass to predict root and litter biomass.
This approach proved unsuccessful because of high variability within
Lhc data.

vii

Changes in the biomass of Lhe components were analyzed with
respect to differing precipitation regimes.

Aboveground biomass

responded positively and linearly to increasing growing season precipitation.

Litter biomass decreased as current growing season precipi-

tation increased .

However, litter increased as a function of increas-

ing previous-growing- season precipitation.

Root biomass decreased

with increasing previous- growing-season precipitation.

It was found

that both litter : shoot and root:shoot ratios decreased as a function
of increasing growing season precipitation.

'(54 pages)

INTRODUCTION
'l'he Desert Biome Program began ln 1968 as a part of the United
Stat es Analys is of Ecosystems Program.

An objective of th e desert

projec t was to develop predictive mo dels capab l e of forecasting changes
in desert ecosyst ems resultin g f r om climatic changes upon human perturbations to the desert.

The goal was to predict the consequences

of such modifications in t erms of changing s izes of plant and animal
populations, changing community composition and changing soil and
water characte ristic s (Goodall, 1970).
The r esea rch design of th e Des e rt Blome Program was developed
primarily by David Goodall at Utah State University.

The des ign

divided the r e search effort into thre e integrated parts:

1) t he

process st udies, 2) the modelling effor t, and 3) th e va lidation s t udies
(Goodall, 1968).
The process studies we re pa rticular research projects designed
to investigate the mechanisms responsible fo r annual variaLion in key
components of the ecosystem (Norton, 1974).
Early planning sessions were attended by ecologists familiar
,,; til t he arid lands of lvestern America.

They collectively defined

Lh e ke y components and key processes to be investigated (Bowns, 1969,
1970a, 1970b, 1970c).

The ecosystem was conceptualized as a mover

of energy and materials.

Components of the system were de fined as

the energy and chemical content s bound up in livin g organisms, dead
material, and abiotic parts of the ecosystem .

Processes were defined

as the means by which the components move through the system and alter
form .

Factors were defined as the biotic and abiotic forces which

determine the rates at which the processes move the components
(Wagner, 1970).

The objective of each process study was to generate

mathematical functions expressing the rates of changes in the key
components as each responds to a reasonable range of factors (Goodall,
1969).
The modelling effo rt was to be based on the results of the process
studies .

The modellers were lo fit together the mathematical functions

generated by the process studies into integrated computer models
(Wagner, 1971).

:line main processes were considered important:

carbon fiKation, dep loyment of photosynthate, growth and senescence,
herbivory , granivory , detritivory, decomposition, the water and nitrogen cycles .

Models of these ecosystem processes were to be integrated

into whole ecosystem models to track the movement of carbon, nitrogen,
ash elements and ene rgy through the ecosystem in response to factors
of temperature, soil- water and nutrient availability {Norton, 1974).
The ecosystems models were divided into three modules:
and soils (Goodall , 1972).

plant, animal

The models were intended to be sufficiently

ge neral for application to each of the four North American desert
types (Norton, 19 74) .
Validation studies were designed to test the predictions made
by the models (Goodall, 1969).

The No rth American desert ecosystems

were represented by the se l ection of four validation sites considered
typical of the four North American regional deserts:
Mohave, Sonoran and Chibuahuan.

Great Basin,

On each validation site an initial
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inventory was made of the biomass and chemical contents of the biota .
Meteorological events were recorded continuously on each site.

Annual

estimates of biomass and chemical contents were made on selected
components of each ecosystem (Balph, 1973; Turner, 1973; Thames,
1973; Whitford, 1973) .

The models were first tested by using the data

from the initial validation site inventories.

The models were driven

by factors derived from validation site meteorological data .

As a

measure of accuracy t he models' predictions were compared with the
annual biomass and chemical contents estimates from the validation
sites (Goodall, 1969).
The combined models , representing in the computer the behavior
o[ the whole ecosystem , constitute a focal point of the Desert Biom
Program (Goodall , 1969).

If the accuracy of the models is considored

a function of how well the models' predictions compare with the validation site data, then the validation data are critical to the success
of the program.

Validation data provide a means by which some assump-

tions underlying the Desert Biome Program will be herein tested, and
by which process functions can be developed independent of the process
studies and modeling effort.
It is the purpose of this thesis to use some validation site

data to Lest four assumptions underlying the validation of the Desert
Blome ecosystem models.

These assumptions are:

1) that the validation studies envisioned can adequately maasure
annual changes in the biomass of importanL biotic components of the
ecosystem;
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2) that the validation studies can adequately measure annual
changes in chemical content of the important biotic components per
unit area;

3) that the validation studies

~an

develop regression models

which accurately predict states of hard-to- sample components;
4) that annual changes in biotic components are logically correlated with changes in meterological factors.
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THE STUDY AREA
The study was conducted on a six-year-old crested wheatgrass
(Agropyron desertorum [Fisch . ) Schult.) seeding in northern Utah.
The study area was in one of four vegetation types investigated by
the Desert Biome Curlew Valley validation program.

The site was

located about 25 km southwest of Snowville, Utah, in Sections 5-8,
T. 13 N. R. 9 W. at 1320 m elevation (Balph, 1973).

Growing season

precipitation on the site averaged 332 mm from 1970 through 1974.
Precipitation occurs primarily as winter snow and sp ring rain (Shinn,
1973) .

The soils on the si te are uniformly Thiokol silt loams.

Root-

inhibiting salt concentrations of greater than one percent occur
below 40 em (Southard, 1973).
Before the seeding treatment, the dominant native plants were
big sagebrush (Artemisia tridentata Nutt.) and shadscale (Atriplex
con.fertifolia [Torr.)

In the fall of 1965 the area was plowed

l~ats . ).

with a flex-type wheatland plow.
were killed.

Ninety-five percent of the shrubs

Immediately thereafter about eight kg of

seeds were broadcast per ha .

~·

dcsertorum

Grazing on the seeding was deferred for

three years until January 1968.

The seeding has since been grazed

moderately by cattle each winter (Anonymous, 1965) .
The seeded area is now a homogeneous stand of crested wheatgrass
with a mean grass density of 12 plants per square meter.

Only traces

of other species, lar gely annuals and exotic weeds, occur (Shinn, 1973).
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METHODS AND MATERIALS
Two objectives of the validation studies were to estimate the
biomass and chemical content of the important components of the
ecosystem.

The primary plant components of the crested wheatgrass

study area were the aboveground portions of the grass plants, the
grass roots and the grass litter on the soil surface.

The sampling

techniques for making estimates of aboveground grass biomass on the
Curlew Valley validation sites were developed by Holte (1972).

The

techniques used to estimate root and litter biomass were developed
by Bjerregaard (1971).

It is assumed that the methods used were the

best available with respect to constraints imposed by the budget .
Throughout this paper biomass is defined as the weight of organic
material which can be sampled at any given time.
Data

on~ ·

desertorum aboveground

phyto~ss,

roots and litter

were collected the third week of August 1971 and 1972 and the third
week of September in 1973.
All grass, root, and litter materials were collected each year
from individually numbered list-count quadrats (Oosting , 1948).

The

quadrats were rectangular as recommended by Pechanec and Stewar t
(1940) for vegetation sampling in sagebrush - grassland communi t ies .
Quadrat dimensions were l x 2 m.
randomly from with i n a single ha.

All the sample plots were selected
Ten plots were sampled in 19 71,

40 in 1972, and 10 in 1973.
Each plant within a list-count quadrat was individually numbered,
measured for height and basal area, harvested, bagged, dried at 41 C

for 72 hours and then weighed.

This part of the overall sampling

program provided data on annual aboveground grass biomass .
Plants collected on the list-count quadrates were subsampled to
provide data on the current year's new growth-old growth ratios.
plants were hand sorted .
the basis of color.

These

New growth was separated from old growth on

Separated materials were dried at 41 C for 72

hours and then weighed.

This procedure provided data on annual above-

ground new growth: old growth ratios.
Litter was sampled following removal of the plants from the listcount quadrats.

Litter was defined as all plant-derived organic

material lying on the soil surface Uiedwecka-Kornas, 1971; West,
1975).

The litter samples were of the type defined by Medwecka-

Kornas ( 19 71) as accumulated ground litter samp 1 E'S.

F.Rch

1 i.st - count

quadrat was randomly subsampled eight times using a 10 x 50 em sampling
frame to define the sample area.
from within the frame .

All litter material was col l ected

Water flotation techniques were used to separ-

ate the litter materials from the soil.

Further separation was achieved

by passing th e materials through a 2 mm mesh shaker sieve .
was then dried at 41 C for 72 hours and weighed.

Litter

Weights were recorded

by plot number in categories larger or smaller than 2 mm .

Litter

materials larger than 2 mm generally consisted primarily of fresh
organic and partly decomposed materials.

Litter sma ller than 2 mm

consisted prima rily of decomposed and amorphous mat t er.

These litter

samples provided data on the annual mass of plant litLer .
Root samples were taken from the list- count quadrats following
the removal of the plant s and litter by using the soil co re method
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(National Academy of Sciences, 1962; Bjerregaard, 1971).

One root

core was taken from the center of each litter plot with an 8 em diameter orchard auger in 20 em increments to a depth of 40 em.

Prelimin-

ary studies during the summer of 1971 showed that root biomass in the
seeded area was much reduced below 40 em.

Root samples taken down to

60 em deep showed that 83 percent of the roots were distributed
through the upper 40 em (Shinn, l973b).

Where a random root core

location encountered the root crown of a grass plant, the crowns were
sampled in the same manner as all other root core samples.

Sampled

material was processed by water flotation using the method described
by Bjerregaard (1971).
root materials.

Further hand sorting removed obviously woody

Root materials were dried at 41 C for 72 hours and

weighed to provide data on annual root biomass.

In 1972 and 1973 subsamples of aboveground grass, root and litter
materials were randomly selected for analysis of chemical content.
All materials were dried at 41 C for 72 hours and ground in a Wiley
mill with a 60 mesh screen in preparation for caloric, ash, nitrogen
and fat analysis.

Caloric determinations were made using a Phillipson

microbomb calorimeter (Phillipson, 1964).

Crude protein determinations

were made using the rnicrokjeldahl technique.
used for fat content determinations.

The Soxhlet method was

These protein, fat and ash

analyses were those specified by the Association of Official Agricultural
Chemists (1970).
Precipitation on the study area was measured continuously with
one weighing, recording rain gauge located 1000 m from the study ha.
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rt was assumed that the impact of herbivory was constant during
the three year study.

Effects on the vegetation due to grazing cattle

were judged to be constant.

Lagomorph density in nearby native shrub

vegetation fell from three per ha in 1971 to .6 per ha in 1972 (Anderson, 1973) .

However, the grass sampling area was more than 300m

from native shrub vegetation and therefore effects of foraging rabbits
(Lepus californicus) were probably insignificant even in years of
high densities (Westoby and Wagner, 1973) .

There were no obvious

invertebrate population outbreaks on the grass site.

Therefore changes

in annual standing crops, biomass and chemical contents of the components of vegetation were assumed to be unrelated to herbivore activities.
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RESULTS AND DISCUSSION
In this section four assumptions of the Desert Biome research
design are tested.

Each assumption is presented and tested und er a

separate heading.
The structure of the crested wheatgrass community was quantitatively documented each year with the data collected on aboveground
plant , root and lit ter biomass and their respective chemical content.
Collection of these data over a three year period provided an opportunity to investigate and quantify the interrelationships among the
components with respect to time and changing precipitation regimes.
Assumption 1:

The validation studies envisioned can adequately

measure annual changes in the biomass of important biotic components
of the ecosystem.
The research design assumed that the important biomass components
of the ecosystem were dynamically changing through time.
purpose of the models to predict the states of the system.

It was the
Similarly

it was assumed that the biomass of the components could be measured
in the field .

If the models are validated with validation site data,

changes which cannot be detected on the valida t i on sites must be
either ignored or treated as static components in the models .

There-

fore, it is impor tant to determine what components can be accurately
and precisely measured on the sites.
Data on the vegetation components of the Curle.• Valley crested
wheatgrass site were collected in the fall of each sample year .
Curlew

Valley,~·

desertorum begins it s spring gr een- up in early

In
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April.

Green leaves develop and grow through June .

Leaf growth then

declines as the growth of reproductive parts begins .
seed heads are formed .
August.

By early July

The seeds grow and mature through July and

Seeds fall in September .

In late August the stand was con-

sidered to be at a relatively steady state, having used all available
soil moisture.

Aboveground grass biomass of

~·

desertorum reached

a maximum in late August (Table l) with the development of mature
seed heads.

These findings are consistent with those reported by

Currie and Peterson (1966) .

They found that Fall yields

of~·

desertorum

in south central Colorado were greater than Spring yields in five out
of eight years and that the eight year mean Fall yield was about 20
percent greater than the eight year mean Spring yield .

In contrast,

Sneva and Hyder (1960) have reported that Spring standing crops are
generally greater than Fall standing crops in eastern Oregon.
Biomass of the three components of the plant subsystem fluctuated
appreciably over the three years (Tables 2, 3, and 4).
biomass of

~·

Aboveground

desertorum was about 2400 kg per ha in 1971, 700 kg

per ha in 1972 and 2200 kg per ha in 1973.
aboveground biomass was new growth in 1972.

Sixty percent of the
Seventy-nine percent of

the aboveground biomass was new growth in 1973.

Therefore, aboveground

!:!· desertorum new growth was 400 kg per ha in 1972 and 1740 kg per ha
in 1973.

New growth on the Curlew Valley site exceeded that reported

for similarly treated seedings near Benmore and Eureka, Utah, where
the range of new growth production reported by Cook (1966) over the
nine year period was 52 kg per ha.

The great fluctuations in biomass

among years were due largely to differing annual precipitation regimes.
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Table 1.

Changes in the estimated aboveground biomass of Agropyron
desertorum through the 1972 growing s eason, assuming a
constant density of 12 plants per m2
Weight
per
individual

confidence

June 1972

5 grams

± 1.0 grams

600

July 1972

4 grams

+ 1.0 grams

480

August 19 72

6 grams

±

.5 grams

720

Date

Table 2.

90%
interval

Kg
per
ha

Biomass of plant components of the Curlew Valley crested
wheatgrass site, August, 1971

Component

Weight per
individual
(grams)

90%
confidence
interval

Biomass
(kg/ha)

Abovegro und
Agropy ron desertorum

21

±3

2,400

Litter To tal

25.79

±3 . 49

5,200

Roots 0-20 em

4. 29

± .57

8,500

Roots 20-40 em

5 .05

+ . 51

10 , 000

Roots Total

9. 34

Total

18 , 600
26' 100
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Table 3.

Biomass of plant components of the Curlew Valley crested
wheatgrass site, August, 1972
Weight per
individual
(grams)

Component
Aboveground
Agropyron desertorum

6

Litter

>

2 mm

13.71

Litter

<

2 mm

16.33

Litter Total

+ .5
± . 53
+ .57

30.04

Roots 0-20 em

6 . 55

Roots 20-40 em

3.58

Roots Total

90%
confidence
interval

700
2, 700
3, 300
6,000

+ . 37
+ . 36

10.13

13,000
7,100
20,200
27,800

TOTAL

Table 4.

Biomass of plant componen ts of the Curlew Valley crested
wheatgrass site, September, 1973
Weight per
ind i vidual
(gra ms)

1\boveground
Agropyron desertorum

19

Litter

>

2 mm

8.19

Litter

<

2 mm

15.46

Litter Total

90%
confidence
interval

2, 200

+ .6 3
+ . 85

1,600

23.65
8 . 97

+ .63

4. 77

± . 26

13.74

3,100
4, 700

Roots 20-40 em
Roots Total

Biomass
(kg/ha)

±2

Roots 0-20 em

TOTAL

Biomass
(kg/ha)

17,900
9,500
27' 300
34,300
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Primary production in arid and semi-arid environments increases linearly
as a function of increasing rainfall {Walter, 1964).

Weaver and

Albertson (1956) reported that grasslands yields may vary by a factor
of eight between wet and dry years.
The litter mass was estimated to be 5200 kg per ha in 1971,
6000 kg per ha in 1972, and 4700 kg per ha in 1973 .

Over the three

years there averaged about four times as much grass litter as aboveground grass biomass.

About 40 percent of the grass litter occurred

in particle sizes greater than 2 mm .
Total root biomass estimates increased progressively over the
three years .

Root

bio~2ss

from the soil surface to 40 em deep was

18500 kg per ha in 1971, 20200 kg per ha in 1972, and 27300 kg per
ha in 1973 .

About 60 percent of th e roots occurred in t he 0-20 em

zone and 40 percent in the 20-40 em zone.

Root biomass averaged

16.5 times that of the aboveground standing crop.

During the three

year study it was estimated that root components comprised about 90
percent of the combined aboveground and belowground biomass.

One

could expect the root to top biomass proportion to increase with
increasing aridity (Bray, 1963).

Therefore, the Curlew Valley data

are consistent with the findings of Rodin and Bazilevich (1968),
who reported that root materials comprised 85 percent of the oven
dry peak biomass of dry steppe and temperate dry steppes of Eurasia.
The problem of separating root biomass from underground litter will
be discussed later.
Examination of Tables 2, 3, and 4 show that the precision of the
validation data is good for all three vegetation components .

Precision
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increase d in 1972 and 1973 when the number of samples was doubled.

If

an arbitrary minimum resolution requirement for validating the models
is established so that means have 90 percent confidence intervals no
greater than plus or minus 10 percent of themselves, then the majority
cf these data approach or surpass minimum resolution.

Significant

differences ( « = .10) can be detected with respect to the year that
biomass of some of the components was harvested.
~de

in the research design is valid.

Thus, the assumption

Field measurements adequately

datected changes in the biomass of the three important plant components.
Until the advent of the International Biological Program, the
precise documentation of above s round, belowground and litter biomass
o: any plant community was rare.
inport~~ce.

In isolation, these data are of small

However, they will take on greater value when similar

data from other plant communities are reported.

They will provide a

base of comparative information which can be used to document the
structure of communities, estimate productivity and turnover rates,
ald thereby guide management policy.
Assumption 2:

Validation studies can adequately measure annual

ctanges in chemical content of the important biotic components per
urit area .

This assump tion is basic to the model-validation concept.

The

mo:lel s were to predict changing chemical conten ts of the biotic compo>ents as they responded to factors and processes .

Validation

sttdies t ested the models by making chemical content analysis on
bitmass samples from the validation sites.

If the validation site

metsurements are not precise enough to detect changes in chemical
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contents, then the validation concepts of the research design are
in er ror.
The chemical content of biotic components is potentially a function of two fac t ors :

1) the chemical concentration of the component,

and 2) the weight of the component per unit area.

Table 5 shows the

chemical concentrations of ash elements, nitrogen and fats as well
as the caloric contents of the vegetation components of the crested
wheatgrass site in the fall of 1972 and 1973.
Holt and Rilst (1969) reported that the chemical composition
of plants change from day to day.

Malone (1968) further reported

that chemical changes occur in plants from season to season.

In

Curlew Valley chemical concentrations of energy and nutrients of each
component were remarkably similar in the fa ll of 1972 and 1973 (Table
5).

This is notable as 1972 was a dry year and 1973 a relatively wet

year.

The validation studies detected two exceptions; nitrogen de-

creased from 1.09 g to .57 g per 100 g of

new~ ·

desertorum shoot

growth and ash elements increased from 11.96 g to 22150 g per 100 g
of old

~·

desertorum shoot growth.

However, chemical concentrations

remained relatively constant from one Fall to the next.
Golley (1961) reported some general energy values for plant
materials.

He found that aboveground parts averaged about 4 kcal per

g, root materials 4 . 7 kcal per g and litter 4.3 kcal per g .
Valley

~·

The Cu r lew

desertorum averaged about 4 kcal per g for aboveground plant

parts, 2.9 kcal per g for root materials and 3 kcal per g for litLer.
The discrepancies between Golley 's estimates and the Curlew Valley
data are not surprising .

Golley (1961) stated at the conclusion of

Table 5.

Concentrations of chemical contents in pl ant componen t s collected in Augus t 1972 and
September 19 73a

Component

Calories/gram
1972
1973

% Ash
by wt

% Fats
b;t wt

% Nitrogen
b;t wt
1972
1973

1972

6. 27±1. 85

1.09 <2

.57<2

4.47

4. 25±3.03%

ll. 96±1. 32

22. 50± .21

. 77<2

.95 <2

2. 29

2. 74± . 80%

1972

1973

1973

New Growth
6 . 00± . 73%

4214± .71

4234±1. 07

3934± . 82

3561±1. 78

Litter > 2 mm

3270± . 17

3644±

.so

26.88

22 .33± . 35

1.07<2

l. 06 <2

1.71

l. 42±3.08%

Litter < 2 mm

2391± .19

2754± .10

46.03

40.12± .08

l. 43<2

1. 50 <2

l. 49

l.

0-20 em

2985± . 10

2848±1.50

32.81± . 18

37.16± .15

1.59 <2

1.53<2

.92±8 . 47%

Roots 20- 40 em

2981±1. 75

2957± . 70

32.10± .36

31.82± .03

1.52 <2

1.4 2<2

l. 08± . 30%

Agro~xron

desertorum
Old Growth
Agro~yron

desertorum

30±5 . 21%

Total Grass Litter
Roots

. 59±2.13%
. 81±1. 98

aDeviations about t he means are all less than plus or minus two percent of the mean unless otherwise
specified . Deviations were calculated by dividing t he range of output by two and expressing it as a
plus or minus percen t age of the mean.

18

his paper that seasonal and annual variations in energy contents of
plant materials were sufficiently great to discourage researchers
f rom using general published averages.
~-

Regardless, the Curlew Valley

desertorum did have a higher energy content than the generally

published values for these components.

In addition, the aboveground

portions had a higher energy and nitrogen content than those reported
for!:_. desertorum by Cook and Harris (1968).

They reported digestable

energy to be about 2 kcal per g and nitrogen about .65 percent of
oven dry weight late in the growing season.

The Curlew Valley above-

ground A. desertorum had a nitrogen content of about . 85 percent.
Chemical concentrations changed little from fall to fall (Table 5).
Tables 2, 3, and 4 show that biomass fluctuated measurably from year
to year..

Thus, the chemical contents per ha fluctua t ed primarily as

a function of changing biomass.

This is shown in Table 6 which gives

estimates in kg per ha of nitrogen, ash elements, calories, and fats.
Additivity of variances is an important factor to consider in
interpreting data conversions, data synthesis and model validation .
Additivity of variance is defined by the formula

SlNl + S2N2
(N -l)+(N -2)
1
2

where SP is the pooled variance (Ostle, 1965) .

This equation assumes

that both data sets are drawn from independent populations with equal
varia bility.

Data interpretation is difficult if the data are im-

precise and then manipulated so that the pooled variance of the final
result is very great.

Table 6 was generated by multiplying the biomass

Table 6 .

Chemical contents in kg per ha of the plant components collected August, 1972, and
September, 1973

Component
New Growth
AgroE:z:ron desertorum

1972

1973

10

29

108

1. 77xl0

4

25

103

l.l0x10

5

Old Growth
AgroE:z:ron desertorum
Total aboveground phytomass
Litter

>

Litter

<

2 nun
nun

Total Grass Litter
Roots
Roots

0-20 em
20-40 em

Ash
Kg/Ha

Nitrogen
Kg/Ha
1972
1973

14
29
47
76
208
109

17
46
63
273
134

54
737
1503
2240
4277
2304

Calories
Kca l/ Ha

211
366
1241
1607
6635
3021

1972

1973

6
6

2 . 87xl0

6

8.83x10

6

7. 89x10
16.7 x10
38.8 x10
21.2 x10

Total Roots

317

407

6581

9656

60.0 x10

Overall Total

400

484

8875

11474

79.8 xl0

6

7.36xl0

6

1. 65x10

9.0lx10

6
6

5.83x10

6

31

74

6

13

37

87

46

23

49

40

6

14.4 x106

95

63

6

50.9 x106

120

106

6

6

77

77

197

183

329

333

6
6

8.54x10

6

Fats
Kcal/Ha
1972
1973

28.1 x10
79.0 x10

6

99.2 x106

....

"'
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fig ures f rom Tables 3 and 4 times the chemical concentrat ion figures
from Table 5 .

The variab ility of the data in Tables 3, 4, and 5 is

low, and only one multipl ication was made in creating Table 6, the refore
the addi tivity of variance was ignored .
Table 6 shows that aboveground phytomass averaged about 10 k g
per ha of nitrogen and 130 kg per ha of nitrogen and 8000 kg per ha
of ash .

Litter materials contributed about 70 kg per ha of nitrogen

and 1900 kg pe r ha of ash.

Rodin and Bazilevich (1968) estimated that

combined aboveground and belowground phytomass would yield 1060 kg
per ha of nitrogen and 340 kg per ha of ash on the dry steppes and
temperate dry ste ppes of Russia .

They estimated the litter to contain

about 8 kg per ha of nitrogen and 24 kg per ha of ash.
working in southeastern Idaho, reported

that~ -

West (1972),

desertorum leaves,

roots, and litter contained 1 . 23, .70, and .65 percent nitrogen,
r espectively .

These figures demonstrate the variability in the chemical

makeup of apparently similar plan t communities.
It has been pointed out that changes in biomass components account
for most of the chemical differences of the
community between years.

~·

desertorum plant

It was seen fro m Tables 2, 3, 4, 5, and 6

that the field and laboratory techniques employed in the validation
studies are sensi tive enough to meas ure the annual changes in the
chemical makeup of the community.

These data verify that chemical

concentrations in biotic components are dynamically quantifiable.

The

second assump tion of the resea r ch design is valid.
Assumption 3:

Validation studies can develop regression models

which accurate l y predict states of hard-to-sample components.

The
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modellers assumed that there were quantifiable relationships among the
biomass components of the ecosystem.

It was assumed that data collected

on the validation sites could generate regression equations to predict
root and litter biomass given aboveground biomass (MacMahon, 1972).
This would elimina t e the expense of continually harvesting all three
vegetation components on the validation sites .

The relative success

or failure of generating adequate regression equations may comment
on the probable success of the modelers to quantify similar relationships in their models.
To test the assumption three hypotheses were made:

It was

hypothesized 1) that regression models could be developed to predict
aboveground phytomass from simple aboveground plant measurements,
2) that litter biomass could be predicted from parameters of aboveground biomass, and 3) that root biomass could be predic t ed from
parameters of aboveground biomass.
The first hypothesis was that aboveground biomass of

~·

desertorum

could be predicted from simple measurements of plant stature .

Simple

linear regression equations predicting aboveground plant yields from
simple plant measurements have been developed and reported for

~·

desertorum by Cook (1960) in Curlew Valley and Hickey (1961) in New
Mexico.
an r

2

Hickey worked with a sample size of 923 plants and reported

of .85.

His plant measurements included basal diameter, com-

pressed crown diamete r and compressed leaf length .

On

the Curlew

Valley site, cylindrical volumes were calculated from the basal area

and height data on 225
dry weights.

~·

desertorum and regressed on their individual

The graph of this relationship is shown in Figure 1.

140

100

il
..........
10000

Figure 1.

The relationship

13000

bet~een volume and biomass of A. desertorum.

2
(y=l.33+.0lx, r =.85.)

"'
"'
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The simple linear regression formula, WT=l.33+.01V accounts for 85
2
percent of the variability within the data (r =.85) .

If adequate

2
regression resolution is arbitrarily defined as r =. 80 then

A·

desertorum

volume was an adequate predictor of aboveground grass biomass.
A second hypothesis was made that th e re is a precise relationship
between parameters of aboveground biomass per unit area and the root
biomass below that area.
between the sum of the

A·

To test this hypothesis the relationship
desertorum basal areas per square meter

and the estimated root biomass below that square meter was plotted
(Figure 2) .

2
This relationship yielded an imprecise r =.04.

lationship between

A·

There-

desertorum biomass per square meter was also

2
imprecise (Figure 3, r =.09). These analyses show that neither

A·

desert:orum basal nor aboveground biomass per unit area was a good pre-

dieter of belowground biomass per unit area.
A third hypothesis was put forth that there is a precise relationship between parameters of aboveground phytomass per plot and the
litter mass on that plot.

To test this hypothesis a graph was generated

of the relationship between the sum of the

A·

desertorum basal areas

per square meter and the sum of the litter mass on those plots
2
(Figure 4, r = . 01) .

A graph was also made of the relationship between

the phytomass of the !::.· desertorum per square meter and the mass of
litter on those square meters (Figure 5, /=.01) .
of !::.· desertorum nor aboveground biomass of

A·

Neither basal area

desertorum per square

meter was a good predictor of litter mass.
The relationships among aboveground biomass, root biomass and
litter mass were found to be imprecise.

These relationships must be

..,
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Figure 5.

2
The relationship between the aboveground biomass of A. desertorum per m and
estimated litter biomass per m2.
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considered functions of at least two dynamic processes:

aboveground

grass, root and litter production and aboveground grass, root and
l itter disappearance (Medwecka-Kornas, 1971).

In deserts, production

is primarily a function of total annual precipitation (Walter, 1964).
Disappearance is a function of rates of decay, mineralization, animal
consumption , transport and harvest (West, 1975).

It is not possible

to determine the product of these processes by making only one state
measurement per year.

The relationships might be determined by

monitoring rates of grass, root and litter production and rates of
grass , root and litter disappearance as they occur through the seasons.
The research design was wrong in assuming that the product of several
dynamic processes could be predicted from simple infrequent state
measurements.

Assumption 4:

Annual changes in the biotic components of the

ecosystem are logically correlated with changes in meteorological
factors.
The Desert Biome ecosystem models are founded on the concept
that meteorological events drive the components of the system.

It

must be assumed that the components of the system respond in a quantitatively predictable fashion to the meteorological factors impinging
upon them .

If this were not true, prediction would be impossible.

To test this assump tion, data from three years of validation studies
were used to determine whether the three primary vegetation components
on the crested wheatgrass site responded precisely t o different regimes
of annual growing season precipitation.
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The components of biomass were graphed as dependent variables.
The three different precipitation regimes were graphed as the independent variables.

Regression equations and coefficients of determination

were calculated for each relationship.
points, one for each year of the study.
able statistical value.

Each graph has only three
Therefore they have question-

However, the graphs are important for the

trends they display and the regression equations provide computable
functions for the relationships.
The most basic relationships to examine were the effects of
precipitation on the vegetation components of the ecosystem.

Table

gives the growing season precipitation from 1970 through 1973.

Grow-

ing season precipitation was defined as the total precipitation falling
on the site from September 1 to August 31 the following year.

Growing

season precipitation ranged from 180 mm to lo20 mm per year during the
three years of the study .

This represented 75 percent of the range of

precipitation recorded in Snowville, Utah, during the last 24 years.

Table 7.

Growing season precipitation from September 1969 to August
1973 on the Curlew Valley crested wheatgrass validation site

Grotving Season

Precipi t ation

September 1969 - August 1970

350 rnm

September 1970 - August 1971

420 mm

Septembe r 1971 - August 1972

180 mm

September 19 72 - Augus t 19 73

380 mm
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The hypothesis was made that D1creases in annual growing season
precipitation generated Dlcreases in annual aboveground standing crops
of

A·

desertorum .

Several researchers have reported linear relation-

ships between precipitation and aboveground phytomass production in
semi-arid areas of America ( Craddock and Forsling, 1938; Hutchings
and Stewart, 1953; Blaisdell, 1958; Sneva and Hyder, 1962; Currie and
Peterson, 1966) .

Figure 6 shows the relationship between annual

growing season precipitation and annual aboveground standing crops of

A·

desertorum on the Curlew Valley site.

The rate of increase in

aboveground standing c ro p is linear with respect to increasing precipitation .
countered.

The precis ion is good over the range of conditions enThis adds further support to the theory that primary

productivi ty in arid to semi-arid areas increases proportionately
with increasing rainfall (Walter, 1964).
A second hypothesis was made that increases in annual growing
season precipitation decrease rates of grass litter production and
increase rates of litter decomposition, causing a net decrease in the
mass of soil surface litter.

Figure 7 shows the graph of the relation-

ship substantiating the hypothesis.

This is an inverse relationship.

Further analysis shows that litter mass correlates directly with previous growing season precipitation (Figure 8).

A·

This was expected as

desertorum litter falls primarily in the winter and ear l y spring as

leaf and stem pa rts produced the previous summer.

Additionally ,

litter : aboveground grass ratios and growing season precipitation

have an inverse relationship (Figure 9).

This supports the concept

that when precipitation is high, aboveground biomass is high and
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litter mass relatively low.

When precipitation is low, aboveground

biomass is low and litter mass relatively high .

This relationship

appears more precise than that developed between aboveground phytomass
and litter under assumption 3 because of the introduction of the
precipitation factor.

Precipitation heavily influences both production

and decomposition rates in the desert.
A third hypothesis was nmde that increases in growing season precipitation would generate increases in root biomass.

the graph of this relationship.
to the hypothesis .

Figure 10 shows

The scatter diagram lends no credence

There are two factors which complicate the interpre-

tation of root core data:

1) there are no generally accep ted methods

to distinguish live root material from dead material in the cores and
2) there are no generally accepted methods to determine the longevity
of root materials.

However, Dahlman and Kucera (1965) estimated

that the root turnover rate is once every four years in native tall
grass prairie vegetation in Missouri.

Also, Kucera et al. (1967)

estimated that only 25 percent of the belowground standing crop was
living root material in the same vegetation type .
Further analysis of the Curlew Valley data shows that if root biomass is regressed on previous growing season precipitation the relation-

s hip is inverted (Figure 11) .

This implies that the material coll ected

in the root samples is more a function of the previous season ' s production and decomposition than of events of the current season.
When root biomass:aboveground biomass ratios are plotted against

growing season precipitation an inverse relationship emerges (Figure 12).
This shows that the root and shoot portions of

~·

desertorum operate
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in a compensatory manner in re s ponse to precipitation input.

When

growing season precipitation is high, aboveground biomass is high and
root biomass r e l a tively low.

When growing season precipitation is

low, shoot biomass is low and root biomass relatively high.
Shoot:root ratios ranged from 1 :7.7 to 1:12.5 during the three
year study.

For perennial grasses in arid and semi-arid regions,

ratios between 1 and 20 have been reported (Noy-Meir, 1973).
root ratios are high in arid lands for three reasons.

Shoot:

The proportion

of roots to tops increases with increasing a r idi t y (Bray, 1963).

The

proportion of dead to live roots can be expected to increase in arid
areas where cooler , dryer conditions reduce decomposition rates
(Lewis, 1970).

Shoot/root fractions i nclude not only active r oots

and shoo ts but also reserve organs and underground litter.

There may

be an unusual amount of dead root material on the Curlew Valley grass
site remaining from the shrub eradication program carried out in 1965.
The relationships between precipitation and r oot response were
the least precise of the three components studied .

Better methods

and more frequent sampling will be required to gain better i nsight s
into the dynamics of underground plant components.
The r esearch design calls for an understanding of how chemical
con tents per ha vary as a function of different precipitation regimes.
Concentrations of chemical contents in plant components have been sh own
to change little from Fall to Fall.

Annual changes in chemical contents

per ha can be expected to vary closely as a function of annual changes
in component biomass.

Therefore, it is expected that fairly precise

relationships will also be found between the chemical contents per ha
of the components and changing precipitation regimes.
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SUMMARY AND CONCLUSIONS
Vegetal biomass and its chemical content we r e studied for three
years on the Curlew Valley crested wheatgrass IBP validation site.
These data were used to test four assumptions underlying the construction and validation of the Desert Biome ecosystem models .
The Desert Biome research design assumed that aboveground biomass,
litter and root biomass were dynamic components and would show measurable
changes from year to year .

The validation site data showed that this

assumption was correct.
The Desert Biome research design made the assumption that the
content of vital elements of the three primary vegetation components
were dynamic and changed from year to year.

The validation data showed

that chemical concentrations within plant components were remarkably
static from Fall to Fall and that changes in chemical contents were
primarily a function of annual changes in biomass.
The Desert Biome validation design assumed that aboveground plant
biomass could be used as the independent variable from which litter
and root biomass could be predicted.
this assumption was incorrect.

The validation data showed that

Aboveground biomass may well account

for the production of litter and roots but does not provide any
accounting for decomposition of roots and litter on and under the soil
surface.

A measure of production alone cannot be used to estimate

both production and decomposition.

Aboveground biomass data alone

cannot be used to predict root and litter mass.
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The Desert Biome research design made the assumption that annual
changes in the vegetation components of biomass could be logically and
precisely correlated to annual precipitation regimes .
data showed this to be true.

The validation

Precipitation data provided an index to

both production and decomposition rates.

Regression equations were

generated from which the biotic responses of the grass tops, roots
and litter were predicted from annual growing season precipitation.
The objective of the Desert Biome was to develop sophisticated
computer models to simulate the behavior of desert ecosystems.
models were intended for use in land and resource management.

The
However ,

the Desert Biome models are presently too general to be used for this
purpose (Goodall , 1972) .

In this respect the modelling effort has

not met expectations.

It has been shown herein that the validation studies provide a
firm data base from which regression models can be developed .
the mean

A·

Given

desertorum plant volume and density one can predict the

aboveground standing crop of

A·

desertorum per unit area (Figure 2).

Given the Fall aboveground standing crop of

A·

desertorum and the

annual growing season precipitation one can predict the mass of the
litter (Figure 10) and root (Figure 13) components of the stand .

This

shows that valida t ion data can be integrated into a valuable body of
ecological knowledge independent of the findings of the rest of the
Desert Biome Progr am .

The value of the validation studies will increase

as a function of their duration.

In several years the validation data

may be viewed as one of the major contributions of the Desert Biome
Program.
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